Abstract. This paper analyses the co-movements between the US stock market and several commodity futures between 1998 and 2011. It computes dynamic conditional correlations at (i) 1-hour, (ii) 5-minute, (iii) 10-second, and (iv) 1-second frequencies and documents a synchronized structural break, characterized by correlations that have significantly departed from zero to positive territories, since late September 2008. Our results support the idea that high frequency trading and algorithmic strategies have an effect on the behaviour of commodity prices.
Introduction
Investing in commodities through futures markets gained importance among financial investors after the burst of the dot-com bubble. As investors looked for a new asset class to diversify their portfolio and reduce their risks, commodities futures looked attractive thanks to their returns, similar to but uncorrelated with those of equities (Gorton and Rouwenhorst, 2006) .
Dissenting views exist on the costs and benefits of the growing financial investors' presence in commodity futures markets, which Domanski and Heath (2007) first coined as the "financialization" of commodity futures markets. The debates around this catchall term are multi-faceted because financialization encompasses a wide variety of investment strategy with plausibly heterogeneous effects. Yet, the discussions often boil down to whether and how the increasing existence of non-traditional participants has influenced return patterns in these markets.
For some observers, this overall evolution eases the price discovery problem; brings the price closer to its underlying fundamentals; provides liquidity; and transfers risks to agents who are better prepared to assume it (see e.g. Irwin and Sanders (2012) and references cited therein). For other observers, the financialization of commodity markets leads to price distortions. In this literature, one specific approach looks at the development of correlations between the returns on investments in different commodity futures or between commodities and other financial assets, with the underlying assumption that growing correlations between commodities and stock indices represent one manifestation of these price distortions (see e.g. UNCTAD, 2009 UNCTAD, , 2011 Büyükşahin, Haigh and Robe, 2010; Tang and Xiong, 2002; Başak and Pavlova, 2013) . Robe (2011, 2013) show that the correlations between the returns on commodity and equity indices on a daily basis increased after Lehman Brothers' demise and remained exceptionally high through the winter of 2010. Using non-public data between 2000 and 2010 from the Commodity Futures Trading Commission (CFTC), Robe (2011, 2013) find that hedge fund positions help predict these changes in the intensity of the correlation between the return of equity and energy indexes. Still, as first shown by Büyükşahin, Haigh and Robe, 2010, both short-and long-term co-movements between passive commodity and equity investments were generally weaker between 2003 and 2008-period in which commodity index trading grew sharply-than compared to the 1991-2002 period. Nevertheless, from the fall 2008 onwards, their positive correlations show a sharp increase to levels not previously reached and especially not maintained for so long in the course of the last decade.
In this paper, we use tick-level data from January 1998 to December 2011 to shed additional light on the persistent and synchronized structural change that started in late 2008. It is critical to go beyond daily data, which has so far been the standard in the literature. At daily, weekly or monthly frequencies, increased co-movements between commodity and equity returns could simply be the result from shocks that are common to both markets rather than a manifestation of the financialization of commodity markets. In contrast, it is harder to attribute a sustained increase in correlations at intraday frequencies to changes in common fundamentals insofar as the latter do not vary at high frequencies.
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We show that the structural break documented using daily data by Robe (2011, 2013 ) also appears at higher-than-daily frequencies. Our finding of positive intraday correlations between returns on equities and commodities indicates that commodity markets are now extensively integrated with financial markets.
In the case of crude oil, the most actively traded commodity, we observe the correlation increase at up to one-second intervals. Moreover, we find that this structural break is not confined to the energy sector. Indeed, it affects a wide range of soft commodities, including corn, soybeans, wheat, sugar, and live cattle. Historically, positive correlations between soft commodities and equities are less likely to last long since their respective fundamentals have little in common. Moreover, one should probably expect different correlation patterns between the equity market and each of these soft commodities, because all these soft commodities have their own respective fundamentals in terms of seasonality, geography, demand structure, etc. Yet, it could be argue that soft commodities could, to some extent, substitute for others. Moreover, there is empirical evidence that commodity-equity correlations fluctuate substantially over time over the U.S. business cycle (see e.g. Bhardwaj and Dunsby, 2012) and that a world-demand factor can drive the correlation between commodities and equities (see e.g. Alquist and Coibion, 2013; Büyükşahin and Robe, 2013) .
Nevertheless, with these caveats in mind, we think that these findings have important implications for the debate on the financialization of commodity markets, which we discuss in the concluding section of this paper.
Data and Econometric methods
We analyse the co-movements between the US stock market and several commodity markets between January 1998 and December 2011, using data from the Thomson Reuters Tick History (TRTH) database. We study the correlation between one of the most liquid equity derivatives, the E-mini S&P 500 futures, and derivative contracts of commonly used benchmark for selected commodities, namely: light crude oil WTI (NYMEX), corn (CBOT), wheat (CBOT), sugar #11 (ICE -US), soybeans (CBOT) and live cattle (CME). 1,00,000 10,00,000 1,00,00,000 10,00,00,000 number of transactions for the considered commodity derivatives multiplied by a factor that ranged between 8 and 60 between 2005 and 2011.
To compute co-movements, we consider only the price of working day "trades" from the tick data that we subsequently down sample, using sample means, to various frequencies: 1-hour, 5-minute, 10-second and 1-second. Then, we compute the log-return for these time series.
3 To compute the DCCs, we need time series without any gap. Thus, we listwise delete the periods for which the log-return on the equity or the considered commodity futures could not be computed because there was no single registered trade. Following Engel (2002) methodology the DCC model was based on a GARCH (1, 1).
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3 Since we compute the average price of all "trade" belonging to a certain time interval before computing the returns to the average price of the subsequent interval, the "bid-ask bounce" issue is not relevant in our case.
4 As a robustness check, we also compute moving-window correlations with window widths set to 5 or 15 observations for each considered frequency. These unconditional estimates are presumably more sensitive to volatility changes than DCC. While this strategy may yield biased estimates of the true nature of the relationship between the variables (for a discussion, see Appendix 1 of Büyükşahin and Robe, 2010) , computing moving-window correlations fails to constrain us from using time series without a gap. The patterns presented in this paper using DCC are robust when While lower frequency data tend to exhibit stronger correlations, the series of Fig. 3 have similar patterns. At higher-than-hourly frequency, no persistent departure from zero appeared until the second quarter of 2008. At the 1-day and 1-hour frequency, the mean of the monthly average DCC between January 2007 using this alternative strategy. Given the short time windows, this is unsurprising: significant volatility changes are very unlikely to occur. October '08
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We find similar patterns for the correlation between the E-mini S&P 500 futures and five "soft" commodities: wheat, corn, soybeans, sugar, and live cattle. Fig. 4 illustrates this point using 5-minute intervals.
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However, two differences arise. First, in contrast with the WTI, no interruption during the 2011m2-2011m4 period appears in the correlations. Second, the magnitude of the DCC is also smaller.
Discussion
The synchronized structural break that took place in 2008 is puzzling given the large number of commodities involved. The persistence of this trendexcept from a temporary break for crude oil in early 2011 coinciding with a major supply shock-is also puzzling, though recent work by Bruno, Büyükşahin and Robe (2013) shows that daily, weekly and monthly correlations between equities and agriculture commodities partly receded in 2012. Because the increase in trading activity was particularly acute between 2005 and 2007, but the jump in the high-frequency correlations only started in late September 2008, the sceptics about the financialization hypothesis would naturally question the existence of any relationship between these two phenomena. In addition, we cannot rule out the possibility that trading strategies of many kinds of extant traders started to interact differently with fundamentals amid widespread financial stress. Fully disentangling the mechanisms behind this structural break calls for further research.
Still, in our view, these findings seem to suggest that certain facets of the financialization of commodities played a role in these synchronized structural changes, together with the rapid and widespread adoption of electronic trading in commodity markets from the mid-2000s onwards, as both paved the way for new types of market participants, which include actors with investment strategies that use algorithms at high frequency.
7 First, without the liquidity that financial investors have brought into commodity futures markets, it would most plausibly not have been possible to implement automated strategies at such speed. Second, high frequency trading is not the typical kind of activities of traditional participants. At times of great uncertainties accompanied by "Riskon, risk-off" (RoRo) behaviours on financial markets, our findings suggest that the RoRo phenomenon could spread to commodity futures markets. This makes us think that in the years that have followed the collapse of Lehmann Brothers, financial investors' expectations have had a significant role in the price determination process of commodities.
The existence of cross-market correlations at high frequencies, even at 1-second intervals highlight the role of automated trading strategies on commodity futures markets. It is indeed unlikely that human traders can react systematically and continuously so quickly and in a synchronized way to new information.
These findings are important for at least two reasons. First, they question the diversification strategy and portfolio allocation in commodities pursued by financial investors. Second, they show that, as commodity markets become financialized, the prices of such products may become more prone to react to events in global financial markets.
